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© Method af gas carburizing and herdening and continuous furnace therefor. 



© A method of gas carburizing and hardening a steel 
article (W) and a continuous furnace (K1, K2) therefor. The 
method includes the steps of carburizing the article (W} in a 



carburizing atmosphere at atmospheric pressure, heating the 
article (W) in a vacuum for a predetermined period of time, 
and hardening the article (W). 
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METHOD OF GAS CARBURIZING AND HARDENING 
AND CONTINUOUS FURNACE THEREFOR 

BACKGROUND OF THE INVENTION 

The present invention generally relates to heat 
treatment and more particularly, to a method of gas 
carburizing and hardening steel articles and a continuous 
furnace therefor. 

It has been conventionally known that processes of 
gas carburizing and hardening steel articles comprise a 
heating step of heating the steel articles to a carburizing 
temperature, a carburizing step of holding the steel 
articles in a carburizing atmosphere for a predetermined 
period of time so as to cause carbon to be absorbed into 
surfaces of the steel articles, a diffusing step of 
diffusing the absorbed carbon into the steel articles, and a 
hardening step of cooling the steel articles so as to harden 
the steel articles. Meanwhile, the processes of gas 
carburizing and hardening the steel articles are classified, 
in accordance with pressures in furnaces at the carburizing 
step and the diffusing step, into a gas carburizing and 
hardening method in which the steel articles are heat 
treated in the vicinity of atmospheric pressure by using an 
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afinosoher e or a mixture of N gas and a 
endothermic atmospnere 

^^T-hnrizinq and hardening 
~ ard a vacuum carDuri^iny 

hydrocarbon gas, ana * 

arf ; r ip S are heat treated at 
method in which the s.eel articles 

hpric assure by using a mixture of N 2 gas and a 
subatir.ospheric pressure 3 

^ fhe hydrocarbon gas only. The gas 
. 5 hydrocarbon gas or the nyaroo 

„ H ac cuch an advantage as to 
carburizing and hardening method has such 

enable a continuous furnace to have a simple construction 
but is disadvantageous not only in that the processed steel 

„ , fl . c alled carburizing colors such as a 
articles assuir.e so-caiiea 

nor a or avish black color, etc. but in that 
10 qrayish brown color, a gr aviso 

aa-\v riPteriorated, thereby 
a quenching media becomes rapidly deterio 

, • in a short life thereof. On the other hand, in 
resulting in a snort 

^rburizing and hardening method, the steel 
the vacuum carourizmy <=•* 

v. • enrfaces without assuming the 

articles have bright surfaces 

i^r-c, -nd the quenching media has a long life. 
15 carburizing colors and tne ^ 

^rhnrizina and hardening method h^s 
However, the vacuuir. carburizing 

o that since a plurality of chambers 
such an inconvenience that since 

U each separate by a — Petition door rro„ one another 

ar e retired to oe provided in order to produce a continuous 

^- ^, 1C -iirnace becomes complicated in 
20 furnace, the continuous .urnace 

structure . 

Meanwhile, the above described carburizin, colors 

«. produced by cta-ic oxides forced on the sur £ aces of the 

processed articles during the g as carburizin, process or 

^ fhp nrocessed articles 
25 soot adhering to the surraces o. the proc 

^ C Tt- is known that when 
during the gas carburizing process. It 
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an article having a carburizing color is heated at about 

— 1—2 

900°C in a vacuum of 10 to 10 torr, dissociation of 
oxygen is effected due to drop in partial pressure of oxygen 
such that the processed article has a bright surface. 
5 SUMMARY OF THE INVENTION 

Accordingly, an essential object of the present 
invention is to provide an improved method of gas 
carburizing and hardening a steel article and an improved 
continuous furnace therefor, by which the processed article 
10 has a bright surface and is reduced in amount of 

intergranular oxidation layers, with substantial elimination 
of the disadvantages inherent in conventional methods and 
continuous furnaces of this kind. 

In accomplishing these and other objects according 
15 to one preferred embodiment of the present invention, there 
is provided an improved method of gas carburizing and 
hardening a steel article, comprising the steps of: 
(^J carburizing said steel article in a carburizing atmosphere 

at atmospheric pressure; heating said steel article in a 
20 vacuum for a predetermined period of time; and hardening 

said steel article. 

In accordance with the present invention, since 
the advantages of the prior art two methods, i.e. the 
advantages of the gas carburizing and hardening method and 
25 the vacuum carburizing and hardening method are combined," 

the steel articles can be continuously heat treated in 
aerobic conditions . 
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BRIEF DESCRIPTION 1 CF TKfc DRAWINGS 

These and other objects and features of the 
present invention will become apparent from the following 
description taken in conjunction with the preferred 
embodiment thereof with reference to the accompanying 

drawings, in which: 

Fig. 1 is a schematic vertical sectional view o± a 

continuous furnace including a plurality of chambers, 
according to a first embodiment of the present invention ; 

Fig- 2 is a schematic horizontal sectional view of 

the continuous furnace of Fig. 1; 

Fig. 3 is a cross-sectional view of a vacuum 
heating chamber employed in the continuous furnace of Fig. 

1; 

15 F ig. 4a is a schematic view of a plurality of 

drive units for driving rollers for conveying steel 
articles, which are employed in the continuous furnace of 

Fig. 1; 

Fig. 4b is a view similar to Fig. 2, particularly 
20 showing the rollers driven by the driving units of Fig. 4a; 

Fig. 4c is a chart indicative of transfer speed 
and path of the steel articles at the respective chambers ; 

Figs. 4d and 4e are graphs showing temperature and 
pressure in the chambers of the continuous furnace of Fig. 
25 1, respectively; 



• »<*<r\^r* ir\, m t~, r"> 



0147845 

- 5 - 

Fig- 5 is a graph showing temperature and pressure 
in the vacuum heating chamber of Fig. 3; 

Fig, 6 is a view similar to Fig. 1, particularly 
showing a continuous furnace according to a second 
embodiment of the present invention ; and 

Figs. 7a and 7b are graphs indicative of 
temperature and pressure in the chambers of the continuous 
furnace of Fig. 6, respectively. 

Before the description of the present invention 
proceeds , it is to be noted that like parts are designated 
by like reference numerals throughout several views of the 
accompanying drawings . 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, there is shown in 
Figs. 1 to 3, a continuous furnace KI for continuously gas 
carburizing and hardening metal articles W, according to a 
first embodiment of the present invention. The continuous 
furnace Kl includes a carburizing apparatus 1, a vacuum 
heating chamber 16 and a hardening apparatus 12 provided 
with an oil quenching tank 13 and an elevator (not shown) , 
which are longitudinally arranged in this order. The 
carburizing apparatus 1 includes a loading vestibule 9 
having a loading door 10a, a heating chamber 4, a 
carburizing chamber 5 and a diffusing chamber 6 having a 
discharge door 8, which are longitudinally arranged in this 
order. Partition doors 7, 2 and 3 are, -respectively, 



01 47845 



- 6 - 



15 



pr ovided between the loading vestibule 9 and the heating 
chamber 4, between the heating chamber 4 and the carburizing 
chamber 5 and between the carburizing chamber 5 and the 
diffusing chamber 6. Either an endothermic gas composed of 
5 20 to 25%' by volume of CO and 30 to 40% by volume of H 2 or 
K gas is introouced into the heating chamber 4, 
U while a carburizing atmosphere, which is a mixture of a 

hydrocarbon gas (e.g. propane) and either one of the above 

to oas is introduced into the 
endothermic gas and 1m 2 gas, n> 

10 carburizing chamber 5 and the diffusing chamber 6. The 

hardening apparatus 12 is provided with a discharge door 17, 
while the vacuum heating chamber 16 is provided with a 
loading door 19 and a discharge door 20 so as to be coupled 
with the hardening apparatus 12. 

Meanwhile, the hardening apparatus 12 is connected 
with an evacuation device 14, while the vacuum, heating 
chamber 16 is connected with an evacuation device 21. It is 
so arranged that gas is supplied into the hardening 

apparatus 12 and the vacuum heating chamber 16. 
20 Furthermore, the continuous furnace Kl includes rollers 22 
for conveying the articles W. The loading vestibule 9, 
heating chamber 4, carburizing chamber 5, diffusing chamber 
6 and vacuum heating chamber 16, except for the hardening 
apparatus 12, are provided with heating devices 25, 26, 27, 

25 28 and 29, respectively. 

Kereinbelow, operations of the continuous furnace 
Kl will be described with reference to Figs. 4 and 5 . Figs. 
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4d and 4e show temperature and pressure in the chambers ot 

* ■ 

the continuous furnace Kl , respectively. 
Example 1 

A round rod made of chromium steel SCr415 (JIS) 
5 and a gear made of chromium steel SCr4 20 (JIS) are employed 

as the articles W and are treated on the following 
conditions . 
^^w^ (1) Carburizing process 

1) Carburizing temperature = 930 °C 
10 2) Carburizing period 

a. Carbon potential = 1.1% 

b. Processing time period = 105 min. 
3) Diffusing period 

a. Carbon potential - 0.8% 
15 b. Processing time period = 45 min. 

(2) Vacuum heating process 

After the diffusing process, the articles W are 



held in a vacuum of 10 torr at a furnace temperature of 
930°C for 30 min. 
20 (3) Hardening process 

The articles W are subjected to oil quenching 
directly from the carburizing temperature of 9 30°C. 

The results of the above treatment are as follows. 

The round rod made of SCr415 and the gear made of 
25 SCr420 have bright surfaces and are formed with 

intergranular oxidation layers of 4 to & microns in 
thickness . 
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Example 2 

A round rod made of SCr415 and a gear made of 
SCr420 are employed as the articles W in the same manner as 
in the above Example 1 and are treated on the following 
conditions . 

(1) Carburizing process 

1) Carburizing temperature = 930 °C 

2) Carburizing period 

a. Carbon potential = 1.1% 

b. Processing time period = 105 min. 

3) Diffusing period 

a. Carbon potential = 0.8% 

b. Processing time period - 45 min. 

(2) Vacuum heating process 

The articles W are held in a vacuum of 10 
for 30 min. during which temperature of the articles W drops 
to a hardening temperature of 850 °C after the diffusing 
process . 

(3) Hardening process 

The articles W are subjected to oil quenching 
immediately after the temperature of the articles W has 
dropped to the hardening temperature of 85C°C. 

The results of the above treatment are as follows. 

The round rod made of SCr415 and the gear made of 
SCr4 20 have bright surfaces and are formed with 
intergranular oxidation layers of 5 to 10 microns in 
thickness . 
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Example 3 

A round rod made of chromium molybdenum steel 
SCM4 20H (JIS) is employed as the article Vi and is treated on 
the following conditions. 

(1) Carburizing process 

1) Carburizing temperature = 930°C 

2) Carburizing period 

a . Carbon potential = 1.1% 

b. Processing time period = 120 min. 

(2) Vacuum heating process 

r- - 

The article W is held in a vacuum of 5xl 0 torr 
not only for a diffusing period of 30 min. after the 
carburizing period but for 2C min. during which temperature 
of the article W drops to a hardening temperature of 850 C C 
after the diffusing process. 

(3) Hardening process 

The article W is subjected to oil quenching 
immediately after the temperature of the article W has 
dropped to the hardening temperature of 850 °C. 

The results of the above treatment are as follows. 

The round rod made of SCM420H has a bright surface 
and is formed with abnormal surface structure (troostitic 

■ - 

layers) of not more than 5 microns in thickness. 
Comparative Example 

When the articles W are not subjected to the 
vacuum heating process in the above Examples 1 to 3 , namely 
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the articles W are subjected to the oil hardening process 
directly after the diffusing process, the articles H have 
the carburizing colors such as grayish brown color, grayish 
black color, etc. and are formed with intergranular 
oxidation layers of 15 to 20 microns in thickness. 

As shown in Fig. 4a, the continuous furnace Kl 
includes a plurality of drive units for driving the rollers 
22 for conveying the articles W. Each of the articles W is 
conveyed- by the drive units at different speeds in the 
furnace Kl so as to be oscillated in a path of the articles 
W as shown in Fig. 4c. In the furnace Kl , it is so arranged 
that as soon as the article Vv has been loaded into the 
vacuum heating chamber 16, the vacuum heating chamber 16 is 
evacuated to a vacuum by the evacuation device 21 as shown 
in Fig. 4e. However, it was found that the articles W have 
bright surfaces and are formed with decreased intergranular 
oxidation layers even in the case where the vacuum heating 
chamber 16 is evacuated to a vacuum in the course of drop of 
temperature therein during the vacuum heating process or 
after drop of the temperature of the articles W to the 
hardening temperature of 85G°C, or prior to drop of the 
temperature of the articles Vv to the hardening temperature, 
e.g. the vacuum heating chamber 16 is evacuated to a vacuum 
during the diffusing period such that part of the diffusing 
process is performed in the vacuum heating chamber 16 as 
shown in Fig. 5. Namely, in the case where the temperature 



'945A2 I > 



01 47845 

- 11 - 



10 



of the articles W is lowered tc the hardening temperature 
after the carburizing process, a decision as to when the 
vacuum heating process is started is made in accordance with 
amount of the articles W to be treated and piling conditions 
of the articles W. Meanwhile, in the case where the 
articles W are subjected to the hardening process 
immediately after the carburizing process, the articles K 
are subjected to the vacuum heating process during a latter 
part of the diffusing period. 

It is to be noted that the hardening apparatus 12 
is not limited to the oil quenching apparatus but a gas 
cooling apparatus can be employed as the hardening apparatus 
12 in place of the oil quenching apparatus. Furthermore , 
the hardening apparatus 12 is not necessarily required to be 
provxded with the evacuation device 14. However, when the 
hardening apparatus 12 is provided with the evacuation 
device 14 such that a controlled atmosphere or N 2 gas is 
introduced into the hardening apparatus 12 after the 
hardening apparatus 12 has been evacuated to a vacuum, 
amount of the controlled atmosphere or N 2 gas drawn into the 
hardening apparatus 12 is less than that in the case of 
purging the interior of the hardening apparatus 12 with the 
. controlled atmosphere, thus resulting in a more economical 
operation . 

25 Referring to Fig. 6, there is shown a continuous 

furnace K2 according to a second embodiment of the present 
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invention. The continuous furnace K2 includes the loading 
vestibule 9 having the loading door 10a and a discharge door 
10b, the carburizing apparatus 1 provided separately from 
the loading vestibule 9, a purge chamber 15 having a loading 
5 door 18, the vacuum heating chamber 16 and the hardening 

device 12 provided with the oil quenching tank 13. The 
carburizing apparatus 1 includes the heating chamber 4 
(J having a loading doer 7\ a carburizing zone .5 ' and a 

diffusing zone 6'. The continuous furnace K2 includes the 
10 partition door 2 for separating the heating chamber 4 from 

the carburizing zone 5' as in the continuous furnace Kl but 
is not provided with the parcxtion door 3 of the continuous 
furnace Kl for separating the carburizing zone 5' from the 
diffusing zone 6'. The loading vestibule 9 is connected. 
15 with an evacuation device 11. The purge chamber 15 is 
coupled, through the vacuum heating chamber 16, with the 
hardening apparatus 12. The purge chamber 15 and the vacuum 
^ heating chamber 16 are connected with the evacuation device 

21. Since other constructions of the continuous furnace K2 
20 are similar to these of the continuous furnace Kl, detailed 

description thereof is abbreviated for the sake of brevity. 

Hereinbelow, operations of the continuous furnace 
K2 will be described with reference to Figs. 7a and 7b 
showing temperature and pressure in the chambers of the 
25 continuous furnace K2, respectively. After the article W 

made of chromium molybdenum steel SCM420 (JIS) , etc. has 
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been loaded into the loading vestibule 9, the evacuation 

< 

device 11 is actuated so as to evacuate the loading 
vestibule 9 to a vacuum and, at the same time, the article W 
is preheated to temperatures of 400 to 600 °C by a heating 
5 device (not shown) so as to remove from the article W 

impurities adhering thereto. After the article VJ has been 
preheated, N 2 gas is introduced into the loading vestibule 
^ 9 so as to restore the interior of the loading vestibule 9 

to atmospheric pressure. Subsequently, the article W is. 
10 loaded into the heating chamber 4 by opening the discharge 

door 10b of the loading vestibule 9 and the loading door 7' 
of the carburizing apparatus 1- After the article W has 
been heated to a carburizing temperature of about 950°C by a 
heating device (not shown) in the heating chamber 4, the 
15 article Vv is sequentially subjected to the carburizing 

process in the carburizing zone 5' and the diffusing process 
in the diffusing zone 6'. The carburizing process is 
performed at a carbon potential of 1.0% for 150 min. , while 
the diffusing process is performed at a carbon potential of 

20 0.9% for 90 min. 

Thus, when the carburizing process and the 

diffusing process have been completed, the article W is 
conveyed into the purge chamber 15 by opening the discharge 
door 8 of the carburizing apparatus 1 and the loading door 
25 16 of the purge chamber 15. Then, the discharge door 8 and 
the loading door 18 are closed. When the article W has been 
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transported into the purge chamber 15, the interior of the 
puree chamber 15 and the vacuum heating chamber 16 is 
maintained at a vacuum of about 10~ 2 torr by the 
evacuation device 21. Thereafter, the article W is loaded 
into the vacuum heating chamber 16 by opening the loading 
door 19 of the heating chamber 16 so as to be held in a 
vacuum of about 10~ 2 torr in the vacuum heating chamber 16 
for about 30 min. until the temperature of the article W 
drops to the oil quenching temperature of, for example, 
850 °C. Meanwhile, the hardening apparatus 12 is evacuated 
to a vacuum of about 10~ 2 torr by the evacuation device 
14. When the temperature of the article W has dropped to 
the hardening temperature in the vacuum hearing chamber lb, 
N gas is directed into the vacuum heating chamber 16 and 
the hardening apparatus 12 so as to restore the interior of 
the vacuum heating chamber 16 and the hardening apparatus 12 
substantially to atmospheric pressure. Subsequently, the 
article W is loaded into the hardening apparatus 12 by- 
opening the discharge door 20 of the vacuum heating chamber 
16. Then, the article W is subjected to oil quenching by 
dipping the article W into oil in the oil quenching tank 13 
by the use of the elevator (not shown) . After completion of 
the oil quenching, the article W is carried out of the 
hardening apparatus 12 by opening the discharge door 17 of 
the hardening apparatus 12, whereby the carburizing process 
and the hardening process of the article W have been 
completed . 
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Although the loading vestibule 9 is provided with 
the evacuation device 11 in the continuous furnace K2 , it 
can be also so arranged that, by eliminating the evacuation 
device 11, the interior of the loading vestibule 9 is purged 
witi N a protective controlled atmosphere or the above 
describe carburizing atmosphere after the article W has 
been loac ac into the loading vestibule 9. However, when the 
loading vestibule 9 is provided with the evacuation device 
11 as in th^ continuous furnace K2 , amount of the controlled 

* 

atmosphere required therefor becomes small, thereby making 
the carburiziii process less expensive. 

Furthermore, the purge chamber 15 is not 
necessarily rec:ired to be provided in the continuous 
furnace K2 . In any case, by heating the gas carburized 
article W in the vacuum heating chamber 16, the article VI 
has a bright su.face and is formed with decreased 
intergranular oxidvion layers through dissociation of . 

As is cl* ; r from the foregoing description, in 
accordance with the i ethod of the present invention, since 
the vacuum heating process is provided between the 
carburizing process o3 the hardening process which are 
performed at atmospht-ic pressure, production of the 
carburizing colors assc-iated with the gas carburizing and 
hardening method is premted, so that the treated articles 
have bright surfaces a.\ are formed with decreased 
intergranular oxidation 1 >ers without employing the vacuum 
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^ rhnr q an d the continuous furnace 
carburizing and hardening method and tn 

can be simplified m structure. 

^rrr^ance with the continuous 
Moreover, in accordance wu 

furnace of the present invention, since the vacuum heating 
5 chafer is provided between the carburizing apparatus and 

^-,1-,^ =nd the hardening apparatus is 
the hardening apparatus and tne 

connected with the evacuation device, the continuous furnace 
U has been simplified in structure and lowered in coat as 

^- furnaces for vacuum carburizing and 

compared with continuous ^urn^ces 

10 hardening- 

In addition, in accordance with the present 
invention, it is possible to continuously gas carburize and 
harden the articles such that the articles have bright 

• . ljsr in color, to the material without assuming 
surfaces similar, in coxoi , 

v, • * na colors and are formed with decreased 
15 the carburizing colors 

_^. tion layers which ensure high wear 
intergranular oxicotion j.ayt:j- 

j u^^rv, ^i-n-abiiitv of the articles, 
resistance and high du.aoiiity 

( ' a r- ( -nrdance with the present 

Furthermore, m accoraance 

invention, even in the case where the articles are subjected 
20 to oil hardening, soot does not adhere to the surfaces of 

the articles due to the vacuum heating process in the vacuum 
heating chamber, thus resulting in long life of the 

quenching media. 

Moreover, in accordance with the present 

• the cas e where the loading vestibule is 
25 invention, in tne case 

vacuum by the evacuation device, a required 
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amount of the controlled atmosphere becomes small, so that 
operations of the continuous furnace are economical, while 
entry of air into the carburizing apparatus is prevented by 
the loading vestibule and the vacuum heating chamber such 
that seasoning of the articles can be performed at an early 
stage . 

In addition, in accordance with the present 
invention, since the leading vestibule is provided with the 
evacuation device and the heating device, it becomes 

unnecessary to provide a washing device prior to treatment 

of the articles. 

Although the present invention has been fully 
described by way of example with reference to the 
accompanying drawings, it is to be noted here that various 
changes and modifications will be apparent to those skilled 
in the art. Therefore, unless otherwise such changes and 
modifications depart from the scope of the present 
invention, they should be construed as being included 
therein. 
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What is claimed is: 

lm A method of gas carburizing and hardening a sreel 

article (W) , comprising: 

arborizing step of carburizing said steel 

article (W) in a carburizing atmosphere at atmospheric 
5 pressure; 

(J a vacuum heating step of heating said steel 

article (W) in a vacuum for a predetermined period of time; 

and 

a hardening step of hardening said steel article 



2. 



4 . 



10 (W) . 

A method as claimed in Claim 1. wherein said 
vacuum heating step is started after termination of a 
diffusing period of said carburizing step. 

3 . a method as claimed in Claim 1, wherein said 

vacuum heating step is started prior to termination of a 
diffusing period of said carburizing step. 

A continuous furnace (Kl, K2) for continuously gas 
carburizing and hardening a steel article (W, , comprising: 

a gas carburizing furnace (1) for gas carburizing 
said steel article (W) in a carburizing atmosphere at 

,,u:„v, includes a loading vestibule 
atmospheric pressure, which mciua.es ci y 

(9) ; 

a vacuum heating chamber (16) which includes a 
first heating means (29) and is connected with a first 
evacuation device (21); 



iOClD: <EP. 



0147845A2.L> 



19 



01 47845 



a hardening chamber (12) which includes a 
hardening means (13) and is connected with a second 
evacuation device (14) such that said gas carburizing 
furnace (1), said vacuum heating chamber (16) and said 
hardening chamber (12) are arranged in this order; and 

a conveyor means (22) for sequentially conveying 
said steel article (W) . 

5. a continuous furnace (Kl, K2) as claimed in Claim 
4, wherein said vacuum heating chamber (16) includes a purge 
chamber (15) connected with said first evacuation device 
(21) . 

6. A continuous furnace (Kl) as claimed in Claim 4, 
wherein said loading vestibule (9) is bounded by a loading 
door (10a) and a first partition door (7) of said gas 
carburizing furnace (1) , which are disposed at a loading 
side of said gas carburizing furnace (1) . 

7. A continuous furnace (K2) as claimed in Claim 4, 
wherein said loading vestibule (9) is disposed forwardly of 
said gas carburizing furnace (1) so as to be coupled 
therewith and is bounded by a loading door (10a) and a 
discharge door (10b) . 

8. A continuous furnace (Kl) as claimed in Claim 6, 
wherein said loading vestibule (9) includes a second heating 
means (25) . 
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(i) 



9 . A continuous furnace <K2) as claimed in Claim 7, 
wherein said loading vestibule (») includes a second heating 
means (25) - 

10 . A continuous furnace <K2) as claimed in Claim 7, 
wherein said loading vestibule (9) includes a third 
evacuation device (11) • 

flirv - rP (Kl) as claimed in Claim 8, 
A continuous furnace i^j-j <" 

herein saia gas carburizing furnace (II is separated into a 
heating chafer .4, and a carburizing and diffusing chafer 
(5 , 6) by a second partition door 12) provided at a 
pridetermined position in said gas carburizing furnace 

(K2) as claimed in Claim 10, 
12 . A continuous furnace IK^J ~~ 

wherein said gas carburizing furnace (1) is separated into a 
heating chafer (4) and a carburizing and diffusing chamber 
(5, 6) by a second partition door (2) provided at a 

• ^ „- H rn in said gas carburizing furnace (1). 
predetermined position in saiu y 

-F^T-nar-^ (Kl) as claimed in Claim b, 
13 a continuous furnace imi ao 

herein said gas carburizing furnace ,1) is separated into a 
beating chamber (4), a carburizing chamber .5) and a 
diffusing chamber ,6, by a second partition door (2, and a 
third partition door ,3, which are provided at predetermined 
positions in said gas carburizing furnace U) . respectively . 

A continuous furnace (K2) as claimed in Clai™. 10.- 
wherein said gas carburizing furnace (1) is separated into a 
heating chamber (4), a carburizing chamber (5) and a 
diffusing chamber (6) by a second partition door (2. and a 



14 . 
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5 third partition door (3) which are provided at predetermined 
positions in said gas carburizing furnace (1), respectively. 
15 • A continuous furnace (KI) as claimed in Claim 6, 

wherein said conveyor means (22) is formed by a plurality of 
groups of roller conveyors (22) . 

16 V A continuous furnace (K2) as claimed in Claim 7, 

- wherein said conveyor means (22) is formed by a plurality of 

groups of roller conveyors (22) . 

17 • A continuous furnace (Kl) as claimed in Claim 11, 

wherein said conveyor means (22) is formed by a plurality of 
groups of roller conveyors (22) . 

18. a continuous furnace (K2) as claimed in Claim 12, 

wherein said conveyor means (22) is formed by a plurality of 
groups of roller conveyors (22) . 

19 * A continuous furnace (Kl) a.; claimed in Claim 13, 

wherein said conveyor means (22) is formed by a plurality of 
groups of roller conveyors (22) . 

20. A continuous furnace (K2) as claimed in Claim 14, 

wherein said conveyor means (22) is f:rmed by a plurality of 
groups of roller conveyors (22) . 
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Method at gas carburizing and herdening and continuous furnace therefor 



^ A method of gas carburizing and hardening a steel 
Article (W) and a continuous furnace (K1. K2) therefor The 
method includes the steps of carburizing the article (W) in 
a carburizing atmosphere at atmospheric pressure, heating 
the article (W) in a vacuum for a predetermined period of 
time, and hardening the article (W). 
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